Introduction 47
Energy deposition functions from point isotropic sources -commonly denoted dose point 48 kernel (DPK) functions -are of prime interest in many fields like dosimetry in particular for 49 medical applications. To better understand the radiobiological effects resulting from the use 50 of electron-emitting radiopharmaceuticals, it is necessary to have an appropriate knowledge of 51 the cellular distribution of the radiopharmaceutical and then to model the microscopic 52 distribution of energy deposited in irradiated matter [1] . Absorbed doses to targeted cancer 53 cells play an important role in evaluating the relative merits of different radionuclides and 54 pharmaceuticals. In this context, information on the bio-distribution at the tissue, cellular and 55 sub-cellular levels can be obtained by autoradiography [2] , micro-autoradiography [3], or 56 alternative techniques such as secondary ion mass spectrometry [4] . Converting these data to 57 absorbed dose distribution requires the use of analytic methods based on point-dose kernels or 58 methods based on radiation transport calculations [5] [6] [7] . Indeed, Monte Carlo code event-by-59 event simulations can be particularly suitable [7] [8] [9] [10] [11] . The latter consist in describing, step-by-60 step, interaction after interaction, the history of each ionizing particle created during the 61 irradiation of the biological matter. In this kind of numerical code, each projectile-target 62 interaction is described either thanks to theoretical (differential as well as total) cross sections 63 or by semi-empirical ones giving access to a more or less complete description of the 64 kinematics before and after the collision.1 65
In fact, there are in the literature a large number of Monte Carlo electron track-structure 66 codes in water, which have been developed independently to investigate the microscopic 67 features of ionizing radiation, the ensuing chemical pathways and the molecular nature of the 68 damages in bio-molecular targets (see [11] and references therein). The aim of the present 69 study is to compare dose point kernels -for particular electron energies -calculated by using 70 proton and hydrogen interactions are simulated from 100eV to 100MeV while helium ions of 92 different charged states are followed from 1keV up to 400MeV. These processes are further 93 described in [17] . 1 94
The EGSnrc code1 95 5
EGSnrc is a general-purpose package for the Monte Carlo simulation of the photons and the 96 electrons transport from a few keV up to 100GeV. EGSnrc uses a condensed history approach 97 based on the formalism developed by Kawrakow and Bielajew to sample angular distributions 98 from the any-angle form of the screened Rutherford cross section [18] . The Möller inelastic 99 cross-sections are used for the generation of secondary electrons. For this study, the 100 simulations were based on the user-code EDKnrc developed by Mainegra et al. [19] . We 101 applied the PRESTA II electron-step algorithm and the EXACT boundary crossing algorithm 102 to switch to single scattering when a particle comes closer to a boundary. The "skin depth" 103 parameter was set to 3: it represents the number of elastic mean free paths to the next 104 boundary at which the simulation switches into single scattering mode. We set the cut-off 105 parameter ECUT to 1 keV in order to track primaries and secondaries until they leave the 106 geometry or their energy falls below 1 keV. We produced a PEGS4 data set describing cross 107 sections and stopping powers adapted for this low cut-off value. 
Results and discussion1 160
To obtain the dose point kernel (DPK) around an isotropic point source, the geometry 161 here used consists in a spherical water phantom divided into 120 spherical shells of thickness 162 R CSDA /100, where R CSDA stands for the continuous-slowing-down-approximation range whose 163 values calculated by the different codes here studied are reported in Table and refer to scoring of the deposited energy at the mid-radius of the shell.1 186
In Figure 1 , we observe that the shape of the dose point kernels generated by the 187 different codes is very similar. However, we note that the CPA100 code exhibits a peak closer 188 
